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The present invention discloses a kind of polarizing mask for 
printing the narrow-pitch holes In the optical photolithography 
process. The polarizing mask includes a transparent substrate, a 
plurality of first polarizing regions and a plurality of second polarizing 
regions. The above mentioned first polarizing regions are equally 
spaced and formed on a transparent substrate. Furthermore, the 
plurality of first polarizing regions are used to specify the first 
polarizing direction of the light source. The above mentioned second 
polarizing regions are formed on top of the first polarizing regions, 
and one portion of each polarizing region is overlapped with the first 
polarizing regions. Additionally, the second polarizing regions are „ 
allocated in the inten/al of the first polarizing regions. Furthermore, 
the plurality of the second polarizing regions are used to specify the 
direction of the second polarizing regions of the light source, and the 
angle between the first polarizing regions and the second polarizing 
regions is used in design to control the amount of light passing 
through the mask. 
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IV, Abstract of the Invention in Chinese (Name of the Invention: Polarizing mask used in 
printing narrow-pitch holes) 

The present invention discloses a polarizing mask in the optical lithography imaging 
process that is used to print narrow-pitch holes. This polarizing mask comprises a transparent 
substrate, a plurality of first polarizing regions, and a polarity of second polarizing regions. 
Said plurality of first polarizing regions is formed on the transparent substrate and placed at 
equal intervals, and then this plurality of first polarizing regions is used to designate a first 
polarization direction of a light source. Said plurality of second polarizing regions is formed 
above the first polarizing regions, and each polarizing region has one portion that overlaps 
with the location of the first polarizing regions. Moreover, the second polarizing region is 
placed at an interval from the first polarizing regions, and then this polarity of second 
polarizing regions is used to designate a second polarization direction of the light source. The 
angle separating the first polarization direction and second polarization direction from each 
other in the design is used to control the amount of light source penetrating the mask. 
Abstract of the Invention in English (Name of the Invention: ) 
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V. Description of the Invention (1) 

5-1 Field of the Invention: 

The present invention is related to integrated circuit design, it being characterized by the 
fact that it concerns a polarizing mask in the optical lithogr^hy imaging process that is used 
to print narrow-pitch holes. 

5-2 Background of the Invention: 

Manufacturers in the field of semiconductors have always done all possible to reduce the 
geometric dimensions of the elements (such as electric crystals or complex crystal gates) on 
integrated circuits. The advantages acquired from reducing element dimensions include 
improved performance and smaller structural dimensions. However, when manufacturers 
attempt to attain small and smaller element dimensions, the problem of many limitations 
gradually emerges. Wherein, an important problem that manufacturers must confront is that if 
they need to search for smaller elements, the tools needed to manufacture integrated circuit 
elements are also of correspondingly higher precision. 

The optical lithography imaging process is a well known technique used to transfer a 
pattern onto the surface of a workpiece, such as a circuit pattern onto a semiconductor chip or 
wafer. Moreover, it can also produce extremely small and complex patterns for many other 
applications. The traditional optical lithography imaging process involves the application of 
electromagnetic radiation to a mask, this mask having an opening that forms within it, and 
such a design being able to apply light or radiation that has passed through the opening to a 
specific area on the surface of the workpiece. Generally, a typical mask comprises a 
transparent substrate, and arranged on the substrate are 
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y. Description of the Invention (2) 

all different types of "circuit" patterns prepared using computer-aided design (CAD) systems. 
This "circuit" pattern is in turn transferred onto the surface of a silicon wafer. The execution of 
the transfer of the pattern from the mask to the silicon substrate is done using visible, ultraviolet 
or even X-ray radiation, transmitted through the mask onto the silicon substrate containing the 
photoresist material. Because the mask comprises a pattern composed of solid lines and 
transparent spaces, only those scopes compiled by the transparent spaces will allow the radiation 
to pass through. The elements on the silicon substrate are thus created via the above described 
process. 

Rgure 1 A shows a cross-sectional view of a traditional mask comprising a chromium pattern 
1 1 and quartz plate 10, it allows light to pass through locations where the chromium has been 
removed from the mask. Light of a specific wavelength passes through a mask and is projected 
onto the photoresist coated on the wafer, exposing the hole pattern on the mask onto the 
photoresist. Exposure of the photoresist to the appropriate wavelength can cause the molecular 
structure of the photoresist polymer to modify or change, the photoresist polymer allowing the 
developer to decompose in a chemical manner and remove the exposed regions on the 
photoresist. (Oppositely, the negative photoresist system allows the unexposed photoresist to 
develop and be removed.) After the mask has been irradiated, it can be envisioned as several 
independent, infinitely small light sources, wherein the light sources can be opened (the points 
covered by the dried and clean regions) or be closed (the points covered by chromium). 

The above described conventional mask usually is called a Chrome on Glass (COG) or 
binary mask. Perfectly square stepping functions exist only in the theoretical limits of precise 
mask planes- At any distance from the mask, the plane of the wafer for instance, the scattering 
effect can cause the image to have a finite image inclination. At relatively small dimensions, i.e., 
when the size and distance of the image printed 
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is small relative to X/NA, the nearby image electrical field vectors will interact and 
constructively add together. The light intensity curves generated among characteristics are 
certainly not completely dark, but are the light intensity generated by the interaction of adjacent 
characteristics. The resolution of the exposure system is restricted to the contrast of the 
projected light image, i.e. the difference in intensity among the adjacent light pattern 
characteristics. The light intensity at normal is increased in the dark areas and ultimately causes 
the adjacent characteristics to be printed into a composite structure and certainly not separate 
images. Figure IB shows the electrical field pattern formed on the mask. Figure IC shows the 
electrical field pattern formed on the wafer. Figure ID shows the light intensity pattern formed 
on the photoresist film of the wafer. 

hi the process of fabricating semiconductors, the minimum dimensions that are produced by 
the optical lithography imaging process in the electrical circuit are usually reduced. Improved 
lithography imaging technologies often can provide improved resolution, and the reduced-to- 
minimum dimensions thus produced and electromagnetic radiation act in the space between the 
mask regions. The newest improvements in lithography masks often include phase shift 
technology, wherein several openings or several portions on the mask imdergo phase shifting. 
Up to now, one problem that has hindered the introduction of phase shift masks into substantial 
large microcircuit designs, as far as circuit designers are concerned, is the difficulty in generating 
design tools that automatically benefit mask layout design. For this reason, attenuated phase 
shifting masks, or what are commonly called traditional half-tone phase shifting masks, have 
now become another focus in use. 

In attenuated phase shifting masks, they usually combine half-wavelength phase shifting with 
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a slightly transparent layer to replace the above described chromium layer. These masks, as far 
as binary masks are concerned, only have the properties of a single patterning step. The dark 
regions on the mask can be phase shifted to 1 80 degrees, and have an attenuated amplitude to 
prevent too much light from being generated inside these regions. Figure 2A shows a reflective 
example of the above described technology. The combination of reflecting element 20 and 
reflecting phase shifting element 21 generates a negative amplitude, it providing improved 
contrast of the image margins, while attenuation also prevents the negative amplitude from 
becoming a problem. Figure 2B shows the electrical field pattern formed on the mask. Figure 
2C shows the electrical field pattern formed on the wafer. Figure 2D shows the light intensity 
pattern on the photoresist film of the wafer. 

Although attenuated phase shifting masks have now become widely used in printing hole 
patterns with process windows and image contrast greater than traditional binary masks, they still 
have their shortcomings, hi particular, the light, or other form of radiation suitable for use in the 
optical lithography imaging process, has a wavy nature, and diffraction and other interference 
affects the occurrence of the margins of the mask's opaque regions, which may produce 
dimensional changes in the exposed pattern (or generate ghost patterns). This phenomenon is 
clearly shown in Figure 2E, a ghost pattern 22 formed in the photoresist layer. 

5-3 Objects of the Invention and Overview: 

Given the above described background to the invention, traditional masks generate a 
multitude of defects. The present invention provides a polarizing mask in the optical lithography 
imaging process that is used to print narrow-pitch holes, 
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it using a polarizing projection light source to enlarge the process window, without the 
generation of a side lobe effect. 

Another object of the present invention is to draw on the advantages of polarizers to adjust 
the light source polarization direction. Relying on this operation can improve the contrast of 
precision pattern images and thus can reduce the dimensions of integrated circuits. Regarding 
patterns with the exception of precision one-dimensional patterns, the requirements for the 
degree of micropatteming are relatively low. Thus, with light source polarization, as far as the 
pattern goes, there is no precisely complete operation and the ultimate attenuation of the contrast 
is still very small. . 

Based on the above described objects, the present invention provides a polarizing mask in the 
optical lithography imaging process used to print narrow-pitch holes. This polarizing mask 
comprises a transparent substrate, a plurality of first polarizing regions, and a plurality of second 
polarizing regions. Said plurality of first polarizing regions is formed on the transparent 
substrate and placed at equal intervals, and then this plurality of first polarizing regions is used to 
designate a first polarization direction of a light source. Said plurality of second polarizing 
regions is formed above the first polarizing regions, and each polarizing region has one portion 
that overlaps with the location of the first polarizing regions. Moreover, the second polarizing 
region is placed at an interval from the first polarizing regions, and then this plurality of second 
polarizing regions is used to designate a second polarization direction of the light source. The 
angle separating the first polarization direction and second polarization direction from each other 
in the design is used to conu^ol the amount of the light source penetrating the mask. 
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5-4 Brief Description of the Drawings: 

. Figure 1 A is a cross-sectional view of a traditional mask; 
Figure IB shows an electrical field pattern formed on the traditional mask; 
Figure IC shows an electrical field pattern formed on the wafer, when the traditional mask is 
being used; 

Figure ID shows the light intensity pattern on the wafer photoresist film, when the traditional 
mask is being used; 

Figure 2A is a cross-sectional view of an attenuated phase shift mask; 

Figure 2B shows an electrical field pattern formed on the attenuated phase shift mask; 

Figure 2C shows an electrical field pattern formed on the wafer, when the attenuated phase 
shift mask is being used; 

Figure 2D show the light intensity pattern on the wafer photoresist film, when the attenuated 
phase shift mask is being used; 

Figure 2E shows a ghost pattern formed in the photoresist layer; 

Figure 3 A show a cross-sectional view of one embodiment of the present invention; 

Figure 3B show a photoresist layer after pattern etching, when the embodiment of the present 
invention is being used; and 

Figure 4 shows the polarization angles utilized in the embodiment of the present invention. 

Symbols representing the primary portions: 

300 Polarizing phase shifting mask; 

301 Quartz substrate; 

302 First polarizing region; 
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303 Second polarizing region; 

304 Phase shift region; 

310 Photoresist pattern region; 

311 Photoresist; and 

312 Photoresist. 

5-5 Detailed Description of the Invention: 

In the following text. Figures 3A, 3B, and 4 will be used for a more detailed description of 
the preferred embodiments of the present invention. Please refer to the above described 
drawings, in particular Figure 3 A, where they show an optical lithography imaging process of a 
preferred embodiment of the present invention, a polarizing attenuated phase shifting mask used 
for printing narrow-pitch holes. 

Before going into the details of a preferred embodiment of the present invention, a 
. conventional optical lithography imaging device, used in conjunction with the present invention, 
will be inti-oduced first. The optical lithography imaging device comprises an electromagnetic 
radiation light source (for example, ultraviolet rays) coupled to an emitting portion. This 
electromagnetic radiation is applied to the polarizing mask of the present invention. Whereas the 
structure of the above described polarizing mask is for use in conjunction with a desired pattern 
of electromagnetic radiation, using a suitable optical system for transference onto the surface of a 
workpiece or wafer. Optical lithographic imaging, used during semiconductor element pattein 
transfer, has long since become a particularly suitable technology, so it will be understood that 
this description will be in those environmental conditions. In the photoresist process. 



Page No. 10 



424263 



v. Description of the Invention (8) 

the surface of the workpiece or wafer is covered by a positive or negative photoresist layer. 
Suitable photoresist materials are well known in the technology so their details will not be 
further explored here. Then, with or in the absence of the application of electromagnetic 
radiation, the above described photoresist layer is selectively pattern etched. 

The selective regional areas that are impacted by the electromagnetic radiation are called 
electroriiagnetic radiation application regions, EAR. The definition of electromagnetic radiation 
application region is the surface region that has been exposed to sufficient electromagnetic 
radiation of the effective light source. Any surface region that is not in the electromagnetic 
radiation application regions is defined as unaffected space. 

The polarizing phase shifting mask 300 of the present invention comprises a transparent 
substrate 301, this transparent substrate optimally containing quartz, a plurality of first polarizing 
regions 302, a plurality of second polarizing regions 303, and a non-compulsory (present or 
absent) phase shift region 304. 

The above described plurality of first polarizing regions 302 is formed on the quartz substrate 
301 and is placed at equal intervals. Then, this plurality of first polarizing regions is used to 
designate a first polarization direction of a light source. The above described plurality of second 
polarizing regions 303 is formed above the plurality of first polarizing regions 302, and each of 
the polarizing regions of the plurality of second polarizing regions has one portion that overlaps 
the location of the plurality of first polarizing regions. Then, this plurality of second polarizing 
regions is placed 
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in the locations of the gaps in the plurality of first polarizing regions and is primarily used to 
designate a first polarization direction of the light source. The above described present or absent 
phase shift region 304 is arranged in the overlapping locations of the first polarizing regions and 
second polarizing regions and in between the first polarizing regions and second polarizing 
regions. 

Besides this, each of the polarizing regions of the plurality of second polarizing regions 303 
is formed in a T-shaped structure and similarly placed at intervals, and has a first thickness of the 
overlapping locations and a second thickness of the gap area in the first polarizing regions 302. 
The thickness of the first polarizing regions is roughly equivalent to the first thickness of the 
second polarizing regions, while the width of the gaps in the plurality of second polarizing 
regions is equivalent to the width of the gaps in the plurality of the first polarizing regions. 
Nevertheless, the equivalent gap widths of the first and second polarizing regions and the 
equivalent gaps of the first and second polarizing regions are designed as the fixed pitch hole 
pattern. These restricting conditions can be modified or redesigned for different patterns. 

Regardless, the above described restricting conditions used to design the polarizing phase 
shift mask 300 of the present invention ultimately produce the photoresist layer 310 after pattern 
etching as shown in Figure 3B. Here, the required resolution of the photoresist pattern 310 is 
reduced from the traditional pitch 1 (the spacings between photoresists 31 1 and 312 produced by 
different polarizing regions) to the pitch 2 of the present invention (equivalent to the spacings 
between the photoresists 3 1 1 produced by the polarizing regions). In other words, in fabrication 
of high density elements, the present invention only requires a regular low resolution. 
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Finally, the design of the interspacing angle of the first polarization direction of the first 
polarizing region and the second polarization direction of the second polarizing region is smaller 
than 90 degrees. This interspacing angle in the design can be used to control the amount of the 
light source penetrating the polarizing mask. Figure 4 shows the polarization angles used in an 
embodiment of the present invention. 

The above description merely concerns a preferred embodiment of the present invention and 
is not used to restrict the claims of the present invention; all equivalent modifications or 
embellishments made that do not depart from the spirit disclosed in the present invention should 
be included within the claims described below. 
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1 . A polarizing mask in the optical lithography imaging process used to print narrow-pitch 
holes, said mask at a minimum comprising: 

a transparent substrate; 

a plurality of first polarizing regions formed on said transparent substrate, said plurality of 
first polarizing regions being placed at equal intervals, and then, said plurality of first polarizing 
regions being used to designate a first polarization direction of a light source; and 

a plurality of second polarizing regions formed above said plurality of first polarizing 
regions, each of the polarizing regions of said plurality of second polarizing regions having a 
portion that overlaps the location of said plurality of first polarizing regions, said plurality of 
second polarizing regions being placed in the gaps in said plurality of first polarizing regions, 
and then said plurality of second polarizing regions being used to designate a second polarization 
direction of said light source. 

2. The mask of claim 1 also comprising a phase shifting region formed on said overlapping 
locations, and being between said first polarizing region and said second polarizing region. 

3. The mask of claim 1, wherein the above described transparent substrate at a minimum 
comprises quartz. 

4. The mask of claim 1, wherein the interspacing angle in the design of the above described first 
polarization direction and said second polarization direction is smaller than 90 degrees. 
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5. The mask of claim 4, wherein the above described interspacing angle in the design is used to 
control the quantity of said light source penetrating said mask. 

6. The mask of claim 1, wherein that portion of the above described plurality of second, 
polarizing regions overlaps the location of at least one said first polarizing region. 

7. The mask of claim 1, wherein the above described first polarizing region of the plurality of 
second polarizing regions is formed in a T-shaped structure, it having a first thickness of said 
overlapping location, and a second thickness in the gaps in said plurality of first polarizing 
regions. 

8. The mask of claim 1, wherein the above described plurality of second polarizing regions is 
placed at equal spacings. 

9. A polarizing phase shifting mask in an optical lithography imaging process used to print 
narrow-pitch holes, said mask at a minimum comprising: 

a quartz substrate; 

a plurality of first polarizing regions formed on said quartz substrate, said plurality of first 
polarizing regions being placed at equal intervals, and then, said plurality of first polarizing 
regions being used to designate a first polarization direction of a light source; and 

a plurality of second polarizing regions formed above said plurality of first polarizing 
regions, each of the polarizing regions of said plurality of second polarizing regions having a 
portion that overlaps the location of said plurality of first polarizing regions, said plurality of 
second polarizing 
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regions being placed in the gaps in said plurality of first polarizing regions, and then said 
plurality of second polarizing regions being used to designate a second polarization direction of 
said light source; and 

a phase shifting polarizing region formed on said overlapping location and being between 
said first polarizing region and said second polarizing region. 

10. The mask of claim 9, wherein the design of the interspacing angle of the above described 
first polarization direction and said second polarization direction is less than 90 degrees. 

11. The mask of claim 10, wherein the design of the above described interspacing angle is used 
to control the quantity of said light source penetrating said mask. 

12. The mask of claim 9, wherein said portion of the above described plurality of second 
polarizing regions overlaps the location of at least one of said first polarizing regions. 

13. The mask of claim 9, wherein each polarizing region of the above described plurality of 
second polarizing regions is formed in a T-shaped structure, it having a first thickness of said 
overlapping locations, and a second thickness of the location of the intervals in said plurality of 
first polarizing regions. 

14. The mask of claim 13, wherein the thickness of the above described first polarizing region is 
roughly equivalent to said first thickness of said second polarizing region. 

15. The mask of claim. 9, wherein the above described plurality of second 
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polarizing regions is placed at equal intervals. 

16. The mask of claim 15, wherein the spacing width in the above described plurality of second 
polarizing regions is equivalent to the spacing width in said plurality of first polarizing regions. 
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